Soybean lipoxygenase-1 enzymically forms both (9S)- and (13S)-hydroperoxides from linoleic acid by a pH-dependent mechanism.
Soybean lipoxygenase-1 produces a preponderance of two chiral products from linoleic acid, (13S)-(9Z,11E)-13-hydroperoxy-9,11-octadecadienoic acid and (9S)-(10E,12Z)-9-hydroperoxy-10,12-octadecadienoic acid. The former of these hydroperoxides was generated at all pH values, but in the presence of Tween 20, the latter product did not form at pH values above 8.5. As the pH decreased below 8.5, the proportion of (9S)-hydroperoxide increased linearly until at pH 6 it constituted about 25% of the chiral products attributed to enzymic action. Below pH 6, lipoxygenase activity was barely measurable, and the hydroperoxide product arose mainly from autoxidation and possibly non-enzymic oxygenation of the pentadienyl radical formed by the enzyme. The change in percent enzymically formed 9-hydroperoxide between pH 6.0 and 8.5 paralleled the pH plot of a sodium linoleate/linoleic acid titration. It was concluded that the (9S)-hydroperoxide is formed only from the nonionized carboxylic acid form of linoleic acid. Methyl esterification of linoleic acid blocked the formation of the (9S)-hydroperoxide by lipoxygenase-1, but not the (13S)-hydroperoxide. Since the hydroperoxydiene moieties of the (9S)- and (13S)-hydroperoxides are spatially identical when the molecules are arranged head to tail in opposite orientations, it is suggested that the carboxylic acid form of the substrate can arrange itself at the active site in either orientation, but the carboxylate anion can be positioned only in one orientation. These observations, as well as others in the literature, suggest and active-site model for soybean lipoxygenase-1.